Recently we have reported on the magnetization dynamics of a single CrO 2 grain studied by micro Hall magnetometry (P. Das et al., Appl. Phys. Lett. 97 042507, 2010). For the external magnetic field applied along the grain's easy magnetization direction, the magnetization reversal takes place through a series of Barkhausen jumps. Supported by micromagnetic simulations, the ground state of the grain was found to correspond to a flux closure configuration with a single cross-tie domain wall. Here, we report an analysis of the Barkhausen jumps, which were observed in the hysteresis loops for the external field applied along both the easy and hard magnetization directions. We find that the magnetization reversal takes place through only a view configuration paths in the free-energy landscape, pointing to a high purity of the sample. The distinctly different statistics of the Barkhausen jumps for the two field directions is discussed. a)
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I. INTRODUCTION
In the realm of magnetism, the concept of domains and domain walls (DWs) are at the core of the understanding of the spontaneous magnetization of a ferromagnetic material.
The domains, which are formed as a result of minimization of the total free energy, undergo structural changes under the influence of an external field. In real materials, the structural or compositional imperfections lead to several minima in the free energy landscape. These imperfections act as pinning centers for the DWs. An understanding of the dynamics of DWs in the presence of pinning centers is critical for the understanding of parameters like coercivity and remanence, which is essential for improving materials for practical applications. However, this is often difficult to realize in real samples consisting of several domains and DWs, where one measures an average magnetic signal and the details of the configuration path followed by the various DWs (due to local effects of pinning centers) are averaged out. Therefore, in order to gain detailed and quantitative information on the magnetization processes, as e.g. the pinning center distribution in a sample, it is essential to investigate samples where a single DW is present.
In literature, several studies on the dynamics of a single DW have been reported where, in most cases, a single wall is artificially created [1] [2] [3] . In the present study, we explore the possibilities of quantitative investigation of the dynamics of a single DW in an individual
CrO 2 micro-grain of dimensions of approximately 5 × 1.2 × 0.7 µm 3 . The DW in the present case is not artificially created (see below). CrO 2 has long been known as a material used for information storage in magnetic tapes. However, this half-metallic ferromagnet with a T C above room temperature (∼ 395 K) attracted a renewed interest because of its very high spin polarization (∼ 100%), a property which is interesting for spintronics applications 4 .
Our magnetic studies of a single CrO 2 grain indicate that the ground state of the grain corresponds to a closure domain pattern with a single cross-tie DW 5 . We observe that upon application of an external field H ext along the long axis of the grain, which is the easy magnetization axis (EMD), the magnetization reverses due to the motion of the crosstie DW. In this paper, we show that when the external field is applied along the hard magnetization direction (HMD) of the grain, the reversal involves the motion of the 90
• DWs at the end caps. Accordingly, the histograms of the magnitudes of Barkhausen jumps strongly differ for the different field directions.
II. EXPERIMENTAL
High purity CrO 2 samples for the present studies were synthesized in a two step process.
As a first step, intermediate precursor oxide is prepared by heating CrO 3 flakes or granules and then pellets formed from the precursor undergo a further heat treatment at appropriate temperature and at ambient pressure. The method is successfully used to tune the parameters like grain size and the grain boundary density. The grains thus prepared are of rod like shape. The details of the synthesis is described in Ref. 6, 7 .
In order to study the magnetization dynamics in a single grain, we employed a micro-Hall magnetometer based on two-dimensional electron gas (2DEG) that forms at the interface of high-mobility material GaAs/AlGaAs heterostructures 8 . Hall crosses with active areas of 5×5 µm 2 were prepared using standard photolithography followed by wet etching technique.
A single grain of CrO 2 obtained by crushing a pellet was then picked and placed between two
Hall crosses (1 and 2, see 
III. RESULTS AND DISCUSSIONS
In order to obtain quantitative information on the magnetization dynamics of the grain, the Hall voltages at both grain ends were simultaneously measured while sweeping the external magnetic field H ext applied perpendicular and parallel to the long axis of the grain. As mentioned above, the EMD of the grain lies along the long axis, which is the [001] direction.
The changes in the stray field were determined from the measured Hall signals after removing the background (due to a small misalignment of the device with respect to H ext ), which was measured at an empty reference cross. Figure 2 shows the hysteresis loops measured in signal at grain end 1 (i.e. measured at Hall cross 1) is larger and opposite in sign to that measured at Hall cross 2. The larger signal at Hall cross 1 is due to the asymmetry in the placement of the grain with respect to the crosses (see Fig. 1 ). Secondly, the magnetization reversal is accompanied by a series of sharp Barkhausen jumps. Interestingly, we find that the jumps at both grain ends occur simultaneously as is evident from Fig. 2 . Correlated jumps were also observed, when the external field applied was applied along the EMD 5 .
These simultaneous jumps in magnetic signal from both ends of the grain are consistent with a single DW that is being pinned/depinned by the force exerted by the field sweep. In order to find out about the variety of paths in configuration space of the free-energy landscape, a series of 50 successive hysteresis loops, shown in Fig. 3 , has been measured. The set of data demonstrates that the magnetization reversal takes place along only a few (2 − 3) distinct, stochastically chosen paths corresponding to different configurations of the energy landscape. These measurements have been carried out in a gradiometry setup where the Hall voltage at the cross carrying the sample is compensated by applying a current of same magnitude but opposite sign through an empty reference cross. This results in a differential signal ∆V H solely due to the sample's magnetization 9, 10 . The data in Fig. 3 are shown without background correction. The data suggest the motion of a single DW, since for multiple walls the magnetization reversal wouldn't be expected to follow only a few distinct paths.
This finding was confirmed by micromagnetic simulations, which revealed two different field regimes of the grain's magnetization. The ground state corresponds to a closure domain configuration (labeled as configuration A) with a single cross-tie DW parallel to the long axis of the grain. However, there exists a metastable state (configuration B) with three domains, which is slightly higher in energy. Application of a small field along the direction opposite to that of the main domain brings the system back to the lowest energy state. We refer to Ref. 5 for the details on the domain configurations. As mentioned above, we observed
Barkhausen jumps simultaneously at both grain ends for fields applied both along the EMD and HMD. For H ext EMD, the magnetization reversal takes place through DW motion in a direction perpendicular to the direction of the applied field. 
CONCLUSIONS
We have studied the DW dynamics in a single CrO 2 grain using micro-Hall magnetometry.
The motion of the DW was tracked and quantitative information on the pinning-center distribution was obtained. We find that the magnetization reversal takes place through only a view configuration paths in the free-energy landscape, pointing to a high purity of the 7 sample. The observed Barkhausen jumps for the two field directions exhibit at distinctly different statistical behavior, since for the field along the hard axis the magnetization reversal involves the motion of the 90
• DWs (forming closure domains). The data suggest that the cross-tie DW along the long axis of the grain is a rigid wall.
